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DETAILED ACTION 

Election/Restrictions 

Applicant's election of claims 8-18 in the reply filed on 08/04/2009 is 
acknowledged. Because applicant did not distinctly and specifically point out the 
supposed errors in the restriction requirement, the election has been treated as an 
election without traverse (MPEP § 818.03(a)). 

Claim Rejections - 35 USC §112 

The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 8-18 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Claim 8 recites the limitation "each unit layer". There is insufficient antecedent 
basis for this limitation in the claim. 

With applicant's amendment and failure to define "unit layer", the claim is 
indefinite as written. Their is no indication of how the unit layer is specifically formed or 
how it differs from one cycle. Applicants have not defined a cycle or a unit layer with 
sufficient specificity to make claim clear as written. 
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Claim Objections 

Claim 9 is objected to under 37 CFR 1 .75(c), as being of improper dependent 
form for failing to further limit the subject matter of a previous claim. Applicant is 
required to cancel the claim(s), or amend the claim(s) to place the claim(s) in proper 
dependent form, or rewrite the claim(s) in independent form. Claim 9 requires 
"repeating one surface treating step and other surface treating step a plurality of times 
during one cycle" while claim 8 requires "repeating one of the one surface treating step 
and the other surface treating step during one cycle". Claim 9 does not further limit 
claim 8 since by "repeating" the steps as in claim 8 they are being performed a plurality 
of times. 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can 
be found in a prior Office action. 

Claims 8, 9, 11, 13, and 15-18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Yamoto (2002/0104477) in view of Mase (5,103,287) and 
Raaijmakers (2002/0052124). 

Yamoto teaches the formation of a silicon nitride film using silane, ammonia, and 
hydrogen gases flowed to a substrate, after being activated by a catalyst [0148]. 
Yamoto teaches a hydrogen gas treatment step after film formation (the silane and 
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ammonia are turned off and it is clear that the hydrogen is still flowing), the purpose of 
the hydrogen flow is to purge the other reactants [0149] but the selection of hydrogen is 
linked to performance of the catalyst body [0021]. 

Yamoto does not (explicitly) teach the formation of a multi-cycle film for the 
formation of a multi-layer film of a single type (i.e. a multi-layered SiN film) wherein the 
second treatment is not a subsequent deposition step. 

Raaijmakers teaches the formation of a silicon nitride film [0135-0137] followed 
by a densification with ammonia (to further nitride the film) [0138]. 

It would have been obvious to someone of ordinary skill in the art at the time of 
the invention to apply the use of an ammonia anneal for a SiN film as taught by 
Raaijmakers with the SiN film formation process of Yamoto because it would allow for a 
denser and more heavily nitrided film [Raaijmakers, 0138]. 

Yamoto in view of Raaijmakers teaches the formation of a SiN film with an 
exposure to hydrogen followed by an exposure to a second treatment, but does not 
teach repetition of the process cycle. 

Mase teaches that a multi-layered silicon nitride film is known (col 5, lines 1-15). 

It would have been obvious to someone of ordinary skill in the art at the time of 
the invention to apply the teaching of a multi-layer silicon nitride film as taught by Mase 
to the silicon nitride film forming technique of Yamoto in view of Raaijmakers because it 
would ensure a denser film because each layer of a composite would be subject to the 
further nitriding and densification treatment. It would be obvious that the nitriding 
element used in the anneal would be more effective in carrying out multiple depositions 
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and nitridation/anneals versus the case where a thicker film is deposited followed by a 
nitridation/anneal of the complete structure. 

Regarding claim 9, it would be obvious to repeat the treatment steps to effect a 
usable film. In instant case, since Yamoto teaches a hydrogen purge to remove the 
ammonia, it would be obvious to perform another hydrogen purge after the ammonia 
"other" treatment step/densification; this step may then lead to the undesired addition of 
more hydrogen. It would be obvious to repeat the steps as desired until the film 
reached a desired composition. 

Regarding claim 1 1 , the discharge of chemicals from the vacuum chamber [01 49] 
taught by Yamoto is a vacuum pump [0065]. 

Regarding claim 13, it is inherent that there is hydrogen in the films being 
deposited with hydrogen containing precursors. 

Regarding claim 15, Yamoto teaches the use of ammonia and silane. 

Regarding claim 16, Raaijmakers teaches the use of ammonia during the anneal. 

Regarding claim 17, Yamoto teaches the deposition of a silicon nitride film using 
ammonia and Raaijmakers teaches an ammonia anneal/nitridation. 

Regarding claim 18, the ammonia anneal may be the last step in the process of 
one cycle, as described above. 

Claims 12 and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Yamoto (2002/0104477) ) in view of Mase (5,103,287) and Raaijmakers 
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(2002/0052124) as applied to claim 8 above in further view of Wang (2004/0121085) 
and Dip (2005/0066892). 

The teachings of Yamoto in view of Mase and Raaijmakers are described above, 
teaching the use of hydrogen to treat a deposited film as one treatment step and the 
use of adding a thin-film component (silane gas) as the "other" surface treating step, but 
not specifically where the one surface treating step is a step of extracting a surplus thin 
film component. 

Wang teaches a method of forming a silicon nitride film (abstract). Wang 
teaches the deposition of silicon nitride using chlorine-containing gases and ammonia 
[0025-0026]. Wang teaches that the films may be treated with a nitrogen source gas 
after deposition [0028] followed by exposure to hydrogen radicals (including the use of 
hydrogen gas) after the nitrogen exposure step [0033], the hydrogen radicals being 
formed by a hot wire process and used when a chlorinated and/or organo silicon 
precursor is used [0030]. Wang teaches that the hydrogen radicals can penetrate less 
than 100 angstroms deep into the film [0035] and therefore if a thicker film is required, 
multiple layers should be deposited in order to achieve a desired thickness. 

It would have been obvious to someone of ordinary skill in the art at the time of 
the invention to apply the use of HCD as a silane source as taught in the SiN film 
forming method of Wang to the SiN deposition method of Yamoto as it would improve 
the step coverage of the layer [0024]. 

When using such a precursor, the excited hydrogen purge would inherently act 
as a "step of extracting a surplus thin-film component" as taught by Wang [0020]. 
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To meet claim requirements, one would also apply the HCD precursor to the 
"other" surface treatment step. It would have been obvious to apply the same precursor 
for the silicon nitride and polycrystalline silicon films as it would simplify chamber/gas 
supply requirements. Dip teaches that it is possible to form a polycrystalline silicon film 
using HCD [0001-2]. 

Regarding claim 14, Yamoto does not teach the use of a nitrogen gas and a rare 
gas instead of hydrogen. Wang teaches that ammonia (i.e. rare gas) and nitrogen may 
be used instead of hydrogen [0032]. 

Claims 8-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Yamoto (2002/0104477) in view of Wang (2004/0121085). 

Yamoto teaches the formation of a silicon nitride film using silane, ammonia, and 
hydrogen gases flowed to a substrate, after being activated by a catalyst [0148]. 
Yamoto teaches a hydrogen gas treatment step after film formation (the silane and 
ammonia are turned off and it is clear that the hydrogen is still flowing), the purpose of 
the hydrogen flow is to purge the other reactants [0149] but the selection of hydrogen is 
linked to performance of the catalyst body [0021]. 

Yamoto does not (explicitly) teach the formation of a multi-cycle film for the 
formation of a multi-layer film of a single type (i.e. a multi-layered SiN film) wherein the 
second treatment is not a subsequent deposition step. 
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Wang teaches a method of forming a silicon nitride film (abstract). Wang 
teaches the deposition of silicon nitride using chlorine-containing gases and ammonia 
[0025-0026]. Wang teaches that the films may be treated with a nitrogen source gas 
after deposition [0028] followed by exposure to hydrogen radicals (including the use of 
hydrogen gas) after the nitrogen exposure step [0033], the hydrogen radicals being 
formed by a hot wire process and used when a chlorinated and/or organo silicon 
precursor is used [0030]. Wang teaches that the hydrogen radicals can penetrate less 
than 1 00 angstroms deep into the film [0035] and therefore if a thicker film is required, 
multiple layers should be deposited in order to achieve a desired thickness. 

It would have been obvious to someone of ordinary skill in the art at the time of 
the invention to apply the post-SiN film formation treatments of Wang (nitrogen followed 
by hydrogen) to the hot wire SiN film formation technique of Yamoto because the 
nitrogen step would increase the N/Si ratio and reduce hydrogen [0028] and the 
hydrogen treatment step would remove chlorine from the film [0029-0032]. 

The nitrogen then hydrogen treatment steps of Wang would follow the hydrogen 
purge of Yamoto. Because the hydrogen purge of Yamoto includes maintaining the 
temperature of the catalyst, the hydrogen would be available as an active species. 

It would be obvious to repeat the steps, as taught by Wang, so that a complete 
SiN could be formed with effective removal of the chlorine 

Regarding claims 8 and 9, it would be obvious to repeat the treatment steps to 
effect a usable film. The repetition of treatments and anneals is well known in the 
deposition art. In instant case, because the hydrogen treatment step would potentially 
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leave more hydrogen than is desired in the film, it would be obvious to re-treat with a 
nitrogen treatment. 

Regarding claim 10, Wang teaches continuous formation of the film including 
treatment steps for a number of layers [0037]. 

Regarding claim 1 1 , Yamoto teaches the discharge of the gases from the 
process chamber [00149] taught by Yamoto is a vacuum pump [0065]. 

Regarding claim 12, the nitrogen step adds nitrogen to the film and the hydrogen 
step depletes chlorine (or carbon) from the film. 

Regarding claim 13, Wang teaches that the hydrogen treatment may include 
nitrogen gas and therefore the final step includes a film component. 

Regarding claim 14, Wang teaches the use of ammonia instead of hydrogen (i.e. 
reading on 'rare gas' required in claim) and nitrogen, helium or argon. 

Regarding claim 15, Yamoto teaches deposition using silane and ammonia. 
Wang teaches the use of hexachlorodisilane (HCD) as a silane source gas [0025]. It 
would have been obvious to someone of ordinary skill in the art at the time of the 
invention to apply the use of HCD instead of silane as a viable alternative and to allow 
for improved step coverage of the resulting film [Wang, 0024]. 

Regarding claim 16, Wang teaches the use of ammonia (hydride of nitrogen) as 
a surface treatment gas. 

Regarding claim 17, all limitations are taught as per Yamoto in view of Wang as 
described above regarding claims 8 and 14. 
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Regarding claim 18, the process as taught by Wang is with an ammonia 
treatment after the nitrogen treatment. 

Response to Arguments 

Applicants have overcome objections to the specification and claims, as well as 
112 rejections with amendments but have introduced new 112 rejections. 

Applicant's arguments filed 08/04/2009 have been fully considered but they are 
not persuasive. Applicants amended claim 8 and argue that Yamoto fails to teach or 
suggest repeating the surface treatment steps during one cycle. Examiner contends 
that applicants amendment fails to limit the contents/composition of "one cycle" 
appreciably to overcome any of the 103 prior art rejections. 

It is required by amended claim that the treatment steps are repeated per one 
cycle and therefore the 102 rejection over Yamoto has been overcome. It is specifically 
noted that the interpretation of "another surface treating step" could still be interpreted 
as a deposition step, however. Alternative rejections could be made over Yamoto for 
example in view of Mase (i.e. without Raaijmakers) which would describe the repetition 
of the steps to form a film and then treat with hydrogen but will not be made due to 
some redundancy they would introduce. 

The one cycle may be interpreted as including repeated (both) surface treating 
steps but does not preclude repetition of the film forming step within one cycle. It is 
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noted that applicants do not specifically limit the definition of "one cycle" or, for that 
matter, the definition of a "unit layer". 

Examiner's interpretation is based on the requirement in the MPEP to broadly 
interpret claims. The teachings of Yamoto in view of Mase and Raaijmakers teach 
multiple iterations. Based on examiner's interpretation that the cycle may include 
multiple "film-forming" steps, the multiple iterations read on "one cycle" and, 
simultaneously the use of a plurality of cycles. There is no discernible difference as 
instant claims are written between one cycle and the repetition of cycles. 

Regarding applicants response regarding Yamoto in view of Wang, applicant 
does not specifically argue any point over the applicant of Wang to Yamoto. Examiner 
maintains that Wang suggests the use of multiple treatment steps and multiple layers to 
form the film and therefore teaches instant claim limitations. 

Applicants arguments over the application of Dip and Wang to Yamoto are 
limited to the assertion that the prior art does not cure the purported deficiencies in 
Yamoto; the 102 has been removed over Yamoto but Dip and Wang are applied (due 
to amendment) to the 103 rejection over Yamoto in view of Raaijmakers and Mase. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to JOSEPH MILLER JR whose telephone number is 
(571)270-5825. The examiner can normally be reached on Mon-Thurs, 7am-4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Timothy Meeks can be reached on (571) 272-1423. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/JOSEPH MILLER JR/ 
Examiner, Art Unit 1792 

/Timothy H Meeks/ 

Supervisory Patent Examiner, Art Unit 1792 



